This paper reviews the state of the art in Australia of manually operated, self-inflating bag resuscitators, including the Laerdal, Air Viva and Ambu; manually operated bags dependent upon an oxygen supply, Specific comment is made to the effect that the design of the resuscitator is often less important than the knowledge and ability of the operator in using the equipment to achieve adequate lung ventilation. The simplest, cheapest, most useful resuscitators are the manually operated self-inflating bag assemblies. With special training, use of more complex equipment can be justified in some circumstances. The more complex the equipment, the greater the risk of inappropriate use, and the greater the risk of equipment malfunction unless a regular maintenance program is followed.
canister. 5 The Oxford bellows was introduced in 1953 and the Ambu self-inflating bag in 1957. 6 In the last ten to fifteen years there has become available a number of manual resuscitators and portable ventilators. This paper discusses only some of these currently available in Australia, mainly for adult use. Attachments, such as masks, are in general not considered. For the sake of brevity, one product in each class has been described in more detail than the others -this, per se, does not imply that the product is superior to the others. Classification A broad classification of devices used as resuscitators and portable ventilators includes: 1. manually operated bags which are selfinflating, 2. manually operated bags which depend on oxygen to fill them, 3. oxygen powered resuscitators, 4. portable ventilators.
MANUALLY OPERATED BAGS WHICH ARE SELF-INFLATING
There are many of these bags (Table 1) . They vary in their construction, but in general the main components are a self-inflating bag with an air inlet valve and an oxygen inlet, and a patient valve which includes a universal connector to fit a standard anaesthetic facemask or an endotracheal or tracheostomy tube connector. A reservoir bag or tube attached to the distal end of the bag allows the supply of up to 100070 oxygen. A pressure relief valve limits the maximum pressure which may be generated. Comments on individual bags are best interpreted in the light of the following information: oxygen concentrations of 100070 oxygen when up to 15 litres 02/minute were added directly to the bag, that in three of the bags it was possible for the inflating valve to stick in the inspiratory position, and that some of the bags were clumsy to use.
Carden again reviewed eight resuscitator bags in 1975 following improvements made by manufacturers. 9 Comments made were that modifications to improve the concentration of oxygen delivered had been successful in some cases, and depended on the method used. Addition of a reservoir tube made the bag more cumbersome. Inflating valves of the sliding disc variety had a tendency to malfunction in the presence of moisture, mucus and extremes of temperature. In one bag, high oxygen flows caused the inflating valve to stick, resulting in potentially dangerous inflating pressure. Some rebreathing also occurred with this bag. This paper also noted significant differences between two bags of the same name manufactured in different countries.
By 1977, Carden IO was able to report that four resuscitators -the Danish-made Ambu, Air Bird, Laerdal Resusci 2 and Hope 2could all achieve 100070 oxygen by methods which avoided oxygen being delivered directly into the bag. No bag was affected to any degree by temperature or mucus on the inflating valve, none of which was of the sliding disc type.
In 1978, Priano and Ham!! studied the oxygen concentrations achievable without a reservoir bag, using four resuscitator bags. They varied the oxygen flow rates from 5-20 litres/minute, and varied the bag refill (reexpansion) times from 1-4 seconds. At all flow rates tested, slowing the bag re-expansion rate increased the delivered fractional oxygen percentage. For example, using the Laerdal bag at an oxygen flow of 20 litres/minute, the mean oxygen percentage increased from 59070 with a bag refill time of 1 second to 81070 with a bag refill time of 4 seconds.
A new concept in manually operated selfinflating bags is the Weinmann Combibag, the novel feature of which is that the bag has two grip depressions which divide it into a large segment, compression of which produces a tidal volume of up to 1000 ml, and a small segment which can produce a tidal volume up to 500 ml. It also has a two-stage safety valve, the first stage designed for mask ventilation to avoid inflation of the stomach, and the second stage for use in ventilation via an endotracheal tube.
Features to consider in choosing a manually operated, self-inflating bag resuscitator are shown in Table 2 .
The three bags most commonly used in Australia are the Laerdal, the Air Viva and the Ambu, all of which have had several modifications over the years (Table 3) .
Laerdal
The latest Laerdal resuscitator consists of a silicone rubber bag which may be stored in any configuration regardless of extremes of temperature or humidity. It retains its original shape and resiliency, allows a comfortable grip, and provides 'feel' of lung compliance. The transparent non-rebreathing patient valve is made of tough polysulfone. On compression of the bag, the diaphragm part of a duckbill valve occludes exhalation holes, and gas flows through the duckbill valve to the patient. As the patient exhales, the duckbill valve closes, and the expired gas escapes through the exhalation holes. The spontaneously breathing patient can inhale from the bag. In addition, there is a bag inlet one-way leaf valve which allows air to enter the bag between delivered breaths, and a connection for oxygen tubing. A transparent reservoir bag, allowing administration of up to 100070 oxygen (Table 4) , may be connected via a valve with twin diaphragms which allow oxygen to be drawn in from the reservoir as the bag expands, and also allow excess oxygen to be vented. The unit is accompanied by a detailed information booklet. 
Air Viva
The latest Air-Viva consists of a silicone rubber self-inflating bag connected by a flexible neck to a clear non-rebreathing patient valve containing a silicone rubber diaphragm. On compression of the bag, the diaphragm occludes the exhalation ports and gas flows into the patient. As the patient exhales, the diaphragm occludes the bag exit and expired gas escapes via the exhalation ports. The spontaneously breathing patient can inhale from the bag.
There are twin diaphragm valves at the end of the bag to allow air entry as the bag reexpands and prevent air leakage during bag compression. Oxygen may be attached via an inlet nipple adjacent to the intake valve.
Addition of a reservoir bag allows an inspired oxygen concentration of up to 98070 with an oxygen flow of 14 litres/minute. This bag has pressure-relief vents.
The bag comes with a comprehensive instruction booklet developed with the assistance of the Australian Resuscitation Council. The bag may be purchased in a case, or vinyl storage bag.
Ambu
The Ambu Compact Resuscitator Mark II is made of natural solid rubber with an outer cover of chloroprene.
The transparent polysulphone E-2 patient valve contains a silastic diaphragm. On compression of the bag, the diaphragm occludes the exhaust port, directing gas to the patient. As the patient exhales, the diaphragm moves away from the exhaust port and obstructs the bag exit, allowing exhalation to atmosphere. The spontaneously breathing patient inhales partly from the bag and partly from atmosphere.
A simple one-way leaf valve allows air or oxygen, if connected, to enter the bag as it reexpands. An air inlet occluder may be used to permit delivery of 100070 oxygen at slower respiratory rates. An adjustable, spring-loaded Positive End-Expiratory Pressure (PEEP) valve allows up to 1 kPa (10 cm H20) PEEP to be applied to the exhale valve.
A unique feature of the Ambu bag is its distensibility, which limits the maximum pressure.
MANUALL Y OPERATED BAGS WHICH DEPEND ON OXYGEN TO FILL THEM
This category is mainly represented by four types of systems originally characterised by Mapleson in 1954 13 (Figure 1 ). He originally described five types of semi-closed anaesthetic systems, and later added a sixth. 14 The Band C are used in adult resuscitation, and consist of a two-litre reservoir bag connected to a springloaded expiratory valve and face mask, with oxygen being supplied just proximal to the valve. Type B has a length of corrugated tubing interspaced between bag and valve, while Type C does not. The amount of rebreathing which may occur with these systems depends on whether the patient is breathing spontaneously or being ventilated. In practice, an oxygen flow of twice the patient's minute volume should prevent significant rebreathing, but the achievement of normocapnia clearly also depends on the minute volume itself. During controlled ventilation, the B system is likely to result in less rebreathing than the C system. 15 
CIG Medishield Oxy-Saver and Komesaroff Oxy-Resuscitator RD85
These units consist of a portable closed circuit resuscitation system in which oxygen is supplied from a cylinder via a special regulator Iflow control autovalve to a circle system fitted with a two-litre anaesthetic breathing bag. A transparent carbon dioxide absorber allows use of low oxygen flows for some six hours of continuous use before the soda lime needs changing. There are unidirectional valves to maintain one-way gas flow, and a safety relief valve (maximum pressure 5.3-6.9 kPa [54-70 cm H20]).
There is provision for use of a second oxygen outlet for treatment of another patient. A venturi suction assembly is included, and a blood pressure manometer assembly is optional. Insertion of vaporisers in circuit allows the machine to be used to provide analgesia or anaesthesia. The whole unit weighs 6.9 kg without the size C oxygen cylinder normally used.
Oxy-Viva Resuscitator 3 (Modified)
The Oxy-Viva Resuscitator 3, described below under oxygen-powered resuscitators, has been modified in some centres so that the manually operated oxygen-powered resuscitator head has been replaced by an oxygen flowmeter, thus allowing controlled oxygen delivery into a manually operated bag of a Mapleson type (above).
OXYGEN-POWERED RESUSCITATORS
The Australian Standard 2488-1981 16 classifies oxygen-powered resuscitators into three groups:-hand, automatic and patienttriggered. Within each group there are subgroups of pressure, volume, time and flowcycled, while the hand-triggered group may also be hand-cycled. The literature on these instruments is scanty and incomplete, and only the Robertshaw unit will be discussed in any detail. General comments made about gas-powered resuscitators included the fact that because of their high flow rates and pressures delivered, they are more prone to inflate the stomach than manually operated bags, increasing the risk of regurgitation or vomiting.
Robertshaw valve
This unit is essentially a pressure-reducing valve which contains a main diaphragm, a sensing diaphragm and an exhalation leaf diaphragm (Figure 2 ). Before inhalation, the pressure on the bottom of the main diaphragm pushes it up, preventing gas flow. When the manual control is activated, or the patient attempts to inhale, the sensing diaphragm moves down, causing a restriction in a pressure equalisation channel to open, releasing pressure on the bottom of the main diaphragm. The unopposed gas pressure on top of the main diaphragm depresses it, and oxygen under pressure flows to the patient. As the lungs are inflated, pressure increases on the sensing diaphragm, causing the pressure equalisation channel to close. Increasing pressure forces the main diaphragm up, obstructing gas flow and exhalation occurs via the exhalation leaf diaphragm and exhalation ports.
The advantages of such a system are that it is less tiring to use than a manually operated bag, it allows use of both hands to maintain a clear airway and good mask seal, and it delivers 100070 oxygen. The disadvantages are that there is no 'feel' for lung compliance, the volume of oxygen given decreases as pulmonary compliance increases and rupture of the main diaphragm will result in exposure of the patient's lungs to very high pressures.
Anaesthesia and Intensive Care, Vol. 14 After reviewing three patients, all of whom developed severe barotrauma after being ventilated via an oxygen-powered Robertshaw valve by paramedics, Osborn et al. evaluated sixty oxygen-powered resuscitators in use in New York City.IB They found that three units delivered oxygen at excessive pressures (maximum over 300 mmHg) and failed to terminate the inspiratory phase. Three others failed to achieve adequate inspiratory pressures. Two units had grossly inadequate flow rates, three were clogged with debris, and five had obstructed exhaust valves.
The authors made the following recommendations:
• oxygen-powered resuscitators should be restricted in use to intubated patients to prevent gastric distension and aspiration; • personnel using the resuscitators should be taught how to recognise malfunction, and to institute bag-valve-mask ventilation if this occurs; • inspection and performance check before every tour of duty and after each resuscitation should be supplemented by periodic and extensive performance evaluation to ensure the equipment meets officially recommended standards.
CIGIMedishield Oxy-Viva Resuscitator 3
The Oxy-Viva 3 is a portable, oxygenpowered resuscitator which contains adult and child resuscitation attachments, suction and oxygen therapy systems.
Oxygen is supplied from a 400 litre capacity cylinder via a pressure reducing valve (400 kPa) to three systems: (a) Resuscitation -two types of valves are available, a demand valve which provides manual ventilation with variable oxygen flow rates from 30-150 lIminute plus the ability to supply 100070 oxygen on demand to a spontaneously breathing patient; and an RM2 valve which provides manual ventilation at 30, 60 or 120 lIminute but no provisions for demand activation.
The demand valve has a delivery pressure of 5.3 kPa (54 cm H 2 0 and a safety valve set at 6.9 kPa (70 cm H 2 0). The RM valve has a safety valve set at 6.9 kPa (70 cm
(b) Oxygen Therapy -a flow of 8 lIminute is activated by an on-off switch. (c) Suction -a suction unit is provided.
Medical Developments Oxylife FM85
This unit is a modification of the Oxy-Resuscitator, in which the rebreathing system has been replaced by a Robertshaw Demand Valve. All the other standard features of the Oxy-Resuscitator are retained. A variation of this unit, the Oxylife SP, consists of an oxygen regulator, Robertshaw Demand Valve assembly housed with an oxygen cylinder in a vinyl cover.
Other mechanical resuscitators
A variety of gas-powered resuscitators has been marketed. A review of seven instruments available in the United Kingdom in 198J19 stated that pressure-cycled units such as the Automan, Minuteman MK2 and Saturn 2 should be regarded as unacceptable for use in resuscitation, and that there were problems with two manually triggered and one timecycled machines. The time-cycled Paeupac was regarded as the best of these gas-powered resuscitators.
Harries surveyed twenty-eight field rescue units in the United Kingdom in 1983 20 and found that the most commonly used was the Medishield Flynn (BOC) which allows manual triggering, and achieves a high enough flow rate to permit adequate ventilation during CPR.
PORTABLE VENTILATORS
The definition of a portable ventilator is difficult, since some gas-powered resuscitators could be regarded as portable ventilators, and some of the smaller ICU ventilators could also fit into this category. Only two will be considered here (Table 5 ). 
Drager Oxylog
The Drager Oxylog is the most commonly used portable ventilator in Australia. This machine is small, light, robust, and can be put down next to the patient or carried by a strap. In one side are recessed the compressed gas connection, the air filter, and the patient delivery hose socket, to which is connected a hose ending in a non-rebreathing valve which has standard fittings for a mask or endotracheal tube connector. A PEEP valve can be attached.
Recessed into the front is a pressure gauge, a rate controller, a minute volume controller, an air-mix switch and an on-off switch. Ventilation is time-controlled and constant volume, with an I:E ratio of 1: 1.5. The rate and volume controls each are colour coded -green for infants, blue for children, and brown for adults.
The Oxylog has a fluid logic controlled circuit, and functions as a time-cycled, constant flow generator. Park and Johnson found that the accuracy of the adult minute volume control was within 10% under their test conditions, while the delivered minute volume was up to 37% higher than that set in the infant range, and 20% lower in the child range. 21
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This unit is also small and reasonably light. On one side are the compressed gas connection and the patient delivery hose socket. On the front panel are the pressure gauge, a rate controller, a minute-volume controller, an airmix switch, and an on-off switch, The rate and volume controls are each colour-coded .yellow for children, through green to blue for adults. An evaluation of four portable ventilators was carried out by Dahlgren et al. in 1983. 22 They found that the Logic 07, like the Drager Oxylog, fulfilled the following requirements:
• volumes were predictable, despite changes in airway resistance; • rates were predictable, despite changes in volume;
• final gas distribution was greater than 60070 with a tidal volume of one litre, rate 10-15 breaths/minute, and airway resistance 200 cm H20/l/sec.
COMMENT This paper has concentrated on providing information about items of equipment. It must be appreciated that it is knowledge of the capabilities and limitations of the particular item and familiarity of the operator with use of the item which is the most important factor in determining whether or not the equipment will help the operator achieve adequate lung ventilation. A new, perfect resuscitator misused or not maintained in good working order may achieve less than effective mouth-to-mouth resuscitation.
There are many old units, often with undesirable features, in use: these should be checked, serviced and, where necessary, replaced. The knowledge and ability of operators of the equipment should be constantly reviewed. It is essential that those responsible for equipment and training keep abreast of both standards 16 and reports of evaluation of equipment. 17, 23, 24 
